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Abstract 

Aims. The novel coronavirus (COVID-19) has infected more than 90,000 people in at least 69 
countries by Feb 29, 2020. Medical interest in COVID-19 has been considerable. Mental 
health issues that coincide with the epidemics are rarely examined. There is a strong need for 
public health officials to consider how psychological effects vary at each phase of a crisis and 
how they relate to people to better support them in these shifting states of mind. The present 
study examines temporal relationships among behavioral and emotional responses towards 
COVID-19 and attitudinal responses to crisis management. Methods. 846 adults were invited 
to complete a set of Internet-based questionnaires at two time points with a range of 14 to 18 
days’ intervals covered by the ascending phase of the outbreak. At the baseline assessment 
788 adults completed the questionnaires. At the Wave 2 survey, 318 adults from Wave 1 were 
retained. Results. Results from cross-lagged models demonstrated reciprocal negative 
associations between anxiety and crisis management appraise. In addition, the higher 
evaluation of crisis management in the initial period of outbreak predicted adoption of 
preventive behaviors and susceptibility to emotional contagion to a greater extend in a later 
period. Susceptibility to emotional contagion also positively predicted preventive behaviors 
taken. Furthermore, multiple group structural equation modeling revealed that evaluation of 
crisis management is more likely to affect the susceptibility to emotional contagion of people 
on the frontline of the outbreak (i.e., Wuhan) compared to people living in moderate risk 
areas (i.e., Outside of Hubei). Conclusions. These data provide experimental evidence 
regarding mental health during the COVID-19 outbreak, and over the course of a pandemic, 
which will direct governments and health authorities during disease outbreaks through their 


attempts to communicate with the public. 
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Introduction 

A new coronavirus (COVID-19, also called SARS-CoV-2 or 2019-nCoV) was recently 
detected in Wuhan, China and is causing an outbreak. Chinese health officials have reported 
tens of thousands of infections in China, including thousands of deaths. Although China has 
made considerable efforts and sacrifices to control the epidemic, additional cases are being 
identified in a growing number of other international locations. The World Health 
Organization declared the outbreak of a novel coronavirus a Global Health Emergency (World 
Health Organization [WHO], 2020, January 30), thereby activating the emergence of 
enhancing capacity of Public Health Emergency Management (PHEM) at the global level. 

Viral disease infections usually come from ordinary contact with people, and outbreaks 
can trigger severe public panic. In particular, novel, exotic threats raise anxiety levels higher 
than more familiar threats do (e.g., Wong, 2007 on SARS, for review, Coughlin, 2012). 
Moreover, emotions among individuals are extremely vulnerable during public health 
emergencies, and the fear of a vague and terrifying new illness might spiral into dangerous 
skepticism. It was predicted in 2018 that the next major outbreak might not be due to a lack of 
preventive technologies but emotional contagion, which could erode trust in government, 
causing serious economic and social disruption (Larson, 2018). The international threat posed 
by COVID-19 calls for a necessary pooling of international data, both in medical realms and 
in the mental realm. 

Medical interest in COVID-19 has been considerable (e.g., Zou et al., 2020). Mental 
health issues that coincide with emerging epidemics and the appropriate behaviors to adopt to 
avoid infection are rarely examined. During a crisis, affected people receive information, 
process information and acting on information differently than in times of non-crisis. 
Effective, timely and credible PHEM is essential to containing fear and public threat as well 
as promoting preventive behaviors (Bao et al., 2020). On the other hand, psychological traits 
may in turn give rise to bias against the local PHEM system. Governments have the hard job 
of explaining danger and advising people how to act without raising alarms. For example, 
people with higher levels of anxiety may be more likely to overreact to policies. In addition, 
individuals who are susceptible to negative emotional contagion may more easily follow 


societal beliefs that conflict with government advice or regulations, thus jeopardizing public 


health measures (e.g., Aral, S., & Walker, 2012; Ferrara, E., & Yang, 2015). Similarly, it is 
unclear whether preventive behaviors are increased as a means to cope with negative emotion 
(e.g., Qian et., 2005) or by the disclosure of epidemic information (e.g., Xue, & Zeng, 2019). 
Thus, the need for monitoring mental health information in the event of an actual pandemic 
by public health authorities is high. The uncertain relation between crisis management and 
psychological response needs to be investigated. 

To improve our understanding of public reaction to epidemic outbreaks, the present 
study examined temporal relationships among behavioral and emotional responses towards 
COVID-19 and attitudinal responses to crisis management. A 2-Wave longitudinal design was 
employed. It is hypothesized that the adoption of preventive behaviors, anxiety level and 
susceptibility to catch emotions are associated with crisis management appraisal under 
pandemic development. The present study will increase public awareness regarding 
psychiatric events and offer support with making quick and effective decisions to reduce 
panic. 

Methods 
Sampling and data collection 

Nine investigators who are affiliated with the International Joint Laboratory of 
Behavior and Cognitive Science, three research assistants and five residential community staff 
members participated in the survey distribution. They invited community residents to 
participate by using their social network. Invitations containing links to the Internet-based 
survey and Quick Response Codes were sent to local communities in Wuhan City and outside 
of Hubei Province for convenient sampling via social media, moments posting and messenger 
apps. Attempts were made to be objective when distributing questionnaires by giving 
everyone in those communities equal opportunity to fill out the questionnaires. 

Data were collected from 26th Jan 2020 (at which time 30 Provinces launched the first- 
level response to major public health emergencies in China, 56 deaths has occurred, and 2,014 
cases were confirmed worldwide) until 17th February 2020 (1,775 deaths and 71,429 
confirmed cases worldwide) (Extracted from Coronavirus disease 2019 (COVID-19) 
Situation Report — 28 at https://www.who.int/emergencies/diseases/novel-coronavirus- 


2019/situation-reports). The mean test-retest interval was 16 days (SD = .82) with a range of 


14 to 18 days. The surveys of data collection were covered by the ascending phase of the 


outbreak (Viboud, Simonsen, & Chowell, 2016) (Figure 1). 
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Figure 1: Epidemic curve of cumulative COVID-19 cases identified in China. 


The questionnaire used a Force Response mode that requires respondents to answer all 
the questions before submission, but respondents could withdraw from the study at any time. 
This study protocol, including a questionnaire, was reviewed by the relevant Institutional 
Review Boards. Participants completed the questionnaires after receiving online informed 
consent. The last six digits of the participant’s phone number was used as their unique ID. We 
used the phone numbers, IP addresses recorded by Network Server, and manual verification 
as the means of data matching. To ensure participant confidentiality, we purposely analyzed 
the data only in aggregate and did not perform individual program analyses. 

At the baseline assessment (Wave 1), 846 adults participated, 58 withdrew from the 
study, and 788 adults (433 females, Mage = 34.86; SD = 7.49) completed the questionnaires. At 
the Wave 2 survey, 318 (185 females) adults from Wave 1 were retained. Of these respondents, 


4 participants gave arbitrary answers on age for both Waves (e.g. 888); 1 case diagnosed with 


novel coronavirus was reported in Wave 2; and 1 suspected case was also reported in Wave 2. 9 
were in the medical profession. Those whom we were unable to retrospectively follow up with 
fell into attrition. 

As is common in many longitudinal studies, observations across waves can be missing 
for various reasons, and the attrition rate for web-based surveys is especially high (e.g., 
Hochheimer et., 2016). Comparisons between participants who participated in Wave | testing 
only and those who successfully completed two waves revealed significant age differences (p 
< 0.01). Higher age may be regarded as a predictor of withdrawal due to less frequent Internet 
usage (e.g., Burnett et al., 2011; c.f., Adams, Stubbs, & Woods, 2005). Nonresponse analysis 
through independent t-tests also revealed that participants in the study at both time points had 
slightly lower levels of anxiety at Wave 1 (p <0.05). However, this effect was small (Cohen ’s d 
was 0.17) and unlikely to seriously bias the results. 

Measures 
Adoption of preventive behaviors (APB) 

Eight questions based on recommendations from the China Center for Disease Control 
and Prevention (CDC) guidelines were developed. Sample items of preventive measures 
included “Did you wash your hands after sneezing, coughing, or cleaning your nose in the 
past three days?” All 8 behavior items were rated on a 4-point scale, ranging from 1 “Not at 
all” to 4 “Always”. The total frequency of APB was calculated by summing the scores of all 8 
items. 

Evaluation of crisis management (ECM) 

A 6-item scale was used to assess appraisal of PHEM. It was designed to reflect opinions 
on information distribution and openness of information (Quah & Lee, 2004). The items are 
scored on a 7-point scale, with higher scores indicating more positive appraisal. The 
questionnaire was shown to have acceptable validity and high internal consistency. Cronbach 
alpha values in our sample were 0.87 for both Waves. 

Anxiety level 

Anxiety were assessed using the Zung Self-Rating Anxiety Scale (SAS) (Zung, 1971), 

which consists of 20 items. Questions 1-5 represent the emotional symptoms of anxiety while 


questions 6—20 represent the physical symptoms of anxiety (Zung, 1971). Responses to each 


item range from 1 to 4 with higher scores indicating increased levels of anxiety. Emotional 
symptoms of anxiety were the main concern in this study. Reliability coefficients were good 
for both Wave 1 (Cronbach's a = 0.82) and Wave 2 (Cronbach's a = 0.83) samples in the 
current study. 
Susceptibility to emotional contagion (SEC) 

The Emotional Contagion Scale for Public Emergency (ECS-PE) (Song et al., 2017) is 
a self-report scale for assessing the susceptibility to catch emotions, especially generated in 
public emergency events. It is a revised version of the Emotional Contagion Scale (ECS, 
Doherty, 1997) and consists of 15 items that a person endorses on a 5-point scale. Scores are 
generated by adding the item scores. This scale had Cronbach’s alpha values of 0.90 and 0.91 
for the Wave 1 and Wave 2 data, respectively. 
Results 
Descriptive statistics and bivariate correlations 

Inspection of Mahalanobis d2 values indicated that there were 6 outliers in the 
sample. Omitting the outliers gave the same results as not. Repeated measures ANOVA 
revealed a significant main effect of time on APB, F (1, 316) = 48.67, p < .001, n = .13, 
and a significant main effect of region on APB, F (1, 316) = 10.83, p < .01, n= .03, and 
on anxiety level, F (1, 316) = 31.94, p < .001, n= .10. A significant Region x Time 
interaction on SEC was found, F (1, 316) = 7.26, p < .01, n= .02. Simple effect analyses 
revealed that SEC decreased significantly for participants outside of Hubei, F (1, 317) = 
4.34, p <.05, n? = .02, but did not change with the development of the epidemic for 
participants in Wuhan. Table 1 presents bivariate correlations among Wave | and Wave 2 
variables, which indicated considerable stability in autoregressive correlation between all 
studied variables, and revealed cross-lag relations between ECM and anxiety. The cross- 


sectional inter-correlations among all variables were similar across Wave | and Wave 2. 


Table 1. Bivariate correlations between measured variables 


1 2 3 4 5 6 7 
1 TILAPB 1 
2 TIECM i375** 1 


3 TlAnxiety -.298**  -.246** 1 


4 TISEC .264** 0.04 -.215** 1 

5 T2APB 675** .371**  -.267** .269** 1 

6 T2ECM .354**  .675**  -,288** 0.08 394% 1 

7 T2Anxiety -.286** -.278** = .683**  -,223** — -.306** = -.289** 1 

8 T2SEC .180**  -.246** -,215** ,269** ,394** -0.01 .-.167** 


1 


Note. T1 = Wave 1; T2 = Wave 2. 


Longitudinal Cross-Lag Model 

Temporal relationships between adoption of preventive behaviors (APB), anxiety, 
susceptibility (SEC) and evaluation of crisis management (ECM) were tested by structural 
equation models with the robust maximum likelihood estimation. The model with full cross- 
lagged paths demonstrated an acceptable fit to the data, X2 /df= 3.59, p < 0.01; CFI = 0.97, 
TLI = 0.90, RMSEA (90% CI) = 0.09 (0.06 - 0.13), SRMR = 0.05, The autoregressive paths 
between Wave | and Wave 2 for APB, /=0.58, SE=0.06, ECM, f=0.65, SE=0.05, p<0.01, 
anxiety, 6=0.65, SE=0.04, and SEC, /=0.81, SE=0.02, were all significant, ps<0.01. After 
controlling for demographic variables, two positive cascade pathways from ECM to later APB 
and another from Wave 1 SEC to Wave 2 APB, and one negative path from Wave 1 ECM to 
Wave 2 SEC, were revealed. Reciprocal associations between ECM and anxiety were also 
detected. Thus, we removed the nonsignificant paths and tested the model again. The final 
model also demonstrated good fit to the data, X2 /df= 1.29, p = 0.25; CFI = 1.00, TLI = 0.99, 
RMSEA (90% CI) = 0.03 (0.00 - 0.079), SRMR = 0.03. The standardized path coefficients for 
the final model are presented in Figure 2. The whole model accounted for 47.2%, 47.1%, 


47.7% and 67.1% of the total variance in Wave 2 APB, anxiety, ECM and SEC, respectively. 
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Figure 2. Final two-wave cross-lag model. The values reported are the standardized 
coefficients. The pathways that were non-significant remained in the model, but for the 


simplicity of interpretation, they are not presented in the figure. 


Multiple group structural equation modeling was used to assess whether the cross-lagged 
associations varied by region. A significant difference in chi-square indicates non-equivalence 
across groups, TRd = 40.92, p < .05. Wald test to examine differences among the 5 cross 
lagged paths between the two groups revealed that the coefficient of the paths from Wave 1 
ECM to Wave 2 SEC was significantly higher for Wuhan than those outside of Hubei, Wald 
(1) = 5.32, p < .05. The prediction of ECM on SEC reached a significant level for Wuhan, p = 


-0.20, but not for outside Hubei, 2 = -.03. 


Discussion 
This study sought to gather a snapshot of the attitudinal and behavioral responses during 


the early stages of COVID-19 epidemic. It is not surprising that with the development of the 


epidemic, respondents have adopted more preventive measures, and people in high-risk 
epidemic area will also adopt preventive measures to a greater extent. Not as expected, the 
evaluation of the management had not changed over time. In the early stage of the epidemic, 
the public management official faced many challenges, such as a lack of treatment 
technology, little understanding about the virus, and an inability to properly respond to the 
concerns of the public. Although the level and quality of management therefore gradually 
improved, the negative effects brought by the rapid deterioration of the outbreak may 
undermine the improved capabilities of public health management. The results of repeated 
measurement ANOVA also showed that the level of anxiety of people in high risk epidemic 
areas is significantly higher than that in moderate risk areas. Viruses that are easily accessible, 
lockdown control, and disturbances in people's living conditions are all factors that cause 
mental problems in epidemic areas in the short term. 

Without information, people may start speculating and filling in blanks. This often 
results in increased susceptibility to emotional contagion which is a catalyzer that accelerates 
the spread of rumors (Na, Garrett, & Slater, 2018). The finding that the susceptibility was 
significantly reduced in low-risk areas, to some extent suggests that the increased 
susceptibility caused by the emergency may be changed vary by period with the gradually 
disclosed information, even though participants living in high-risk areas did not change in any 
way. This suggestion has been further verified by cross lagged panel analysis. Our results 
showed that initial appraisal of management were predictive of later susceptibility to 
emotional contagion and such prediction exhibited greater impact on people of the frontline of 
the outbreak (i.e., Wuhan). A large number of studies have pointed out that effective 
management can mitigate susceptibility and is also an important means to relieve public 
anxiety (e.g., Liu et al., 2019 ). However, this study demonstrated a reciprocal prediction 
between anxiety and management evaluation, reflecting that anxiety, in turn, may lead to 
mistrust and dissatisfaction against the management. 

Some previous research focused on responses toward other respiratory infectious disease 
epidemics (RIDEs) and factors that motivate people to adopt preventive measures. For 
example, Lee-Baggley and colleagues found that people high in empathic responding (e.g., 


listening to other’s feeling about SARS) were more likely to take health precautions (Lee- 


Baggley et al., 2004). Consistent with these finding from cross-sectional studies, individuals 
who held more susceptibility to emotion contagion at the first time point were more able to 
take preventive behaviors at the subsequent measurement. However, not all mood states affect 
behavior. Compared with susceptibility, initial anxiety did not predict later adoption of 
preventative measures. Possible explanation is that in the early epidemic stage when threat is 
highly uncertain, cognitive risk responses may be optimal for increasingly driving behavior as 
the epidemic evolves (Liao et al., 2014). Anxiety generally involve less intense cognitive 
components compared with susceptibility to emotional contagion and thereby are less likely 
to predict behavioral change. The respondents' appraisal of crisis management predicts the 
extent to which they will engage in preventive behaviors, which indicates that preventive 
measures are undoubtedly closely related to the effective and timely transmission of epidemic 
and virus-related information. In addition, we did not find support for causal relation between 
anxiety and susceptibility to emotional contagion. It is evident from mixed findings that 
anxious individuals tend to catch negative emotions from others (e.g., Dijk et al., 2018 ). 
Given the evidence presented in this study, however, it seems clear that anxiety was unrelated 
to susceptibility to emotion contagion resulted from a bipolar scale measures reactions to both 
positive and negative emotions. 

A few limitations to this study are worth noting. First, with regard to the measurements 
we used, a set of questions measuring the extent to which a respondent adopts preventive 
behavior may not fully reflect all the preventive measures required to prevent infections. In 
addition, we extracted emotional symptom of anxiety from a more general Zung Self-Rating 
Anxiety Scale (SAS) for screening anxiety, which is different from the State Trait Anxiety 
Inventory (STAI) used in some of the previous studies in the epidemic (e.g., Cowling et al., 
2010). In line with these studies, the anxiety level remained low throughout the pandemic, 
suggesting that a low level of anxiety has little effect on behavioral and emotional responses 
towards COVID-19. Second, generalization of the results may be limited because this 
community sample was limited in its diversity, with a majority of the sample consisting of 
middle-aged and healthy people. Furthermore, females were slightly over-represented in the 
analysis sample. Nevertheless, to our knowledge, these data provide some of the first 


experimental evidence regarding mental health during the COVID-19 outbreak, and over the 


course of a pandemic. 
Conclusion 

The Ministry of Science and Technology of China recently suggested that research work 
in the epidemic situation needs to be targeted to address the epidemic situation (The State 
Council the People's Republic of China, 2020, January 26). As mentioned above, the concerns 
on mental issues raised by COVID-19 are indispensable. During the public health emergency, 
people can experience a variety of emotions. Psychological barriers may affect public 
cooperation and response. Administrations should anticipate these patterns and recognize that 
they influence communication. For empirical-based psychological research, one of the 
greatest contributions to the epidemic is to understand psychological responses and their 
dynamic changes, which are the prerequisites for psychological intervention, improving 
emergency management, relieving public anxiety and fear. 

As of the completion of this study, China has shown new signs of success in its fight to 
control the coronavirus outbreak, with a decrease in the rate of new infections. But this news 
is overcome by the unbridled spread of the pandemics in Japan, South Korea, Iran, Europe, 
the United States and other regions, underscoring the possibility of out-of-control global 
pandemic racing. We hereby emphasized the need to strengthen global public health 
management and the importance of information campaigns aimed at encouraging appropriate 
countermeasures against virus outbreaks in both psychological and medical (physical) realms. 
Officials seeking to avoid chaos by withholding information or over-reassuring the public do 
more harm than the public acting irrationally in a crisis. Pre-crisis preparation will presume 


that an open and honest information flow will be created. 
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